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ABSTRACT Chemical analysis methods are highly specific but in
many cases lack generality. The primary need is to
identify those suLstances or their chemical
speciation products which accrue to a harmful level

The usefulness of organisms as biomonitors of in living organisms, including humans. Biomonitors
environmental quality has been demonstrated address this need directly if they accumulate the
repeatedly during episodes of acute poisoning. material by a generalized route. Biomonitoring may
Management goals now largely seek to avoid or operate more effectively and efficiently in the

% mitigate these occurrences, concomitant with environment than other strategies. The adoption of
introduction of chemicals to the environment: biomonitors, however, is based upon an implicit set
Biomonitors have largely been adopted as sentinel of assumptions which translate into limitations on
organisms to warn of excess bioavailability of the interpretation or application of data. These
xenobiotics. Uptake and retention processes in any predictable limitations are the subject of this
organisms, however, are only semi-passive, so that paper.

* metabolic processes may influence both
concentration ranges over which accumulation Biomonitors respond to environmental conditions in
occurs, and mechanisms controlling it. unique ways and should not be viewed as living
Furthermore, the relationship between route and sponges passively accumulating xenobiotics. Dead
extent of accumulation is usually not known and organisms accrue chemicals very differently in
cannot necessarily be inferred. Recently-proposed pattern and extent than living ones. In the
models use knowledge of a sutatance's broadest sense, bioaccumulatin ca,: be explained as
physicochemical properties to predict its the ratio of rates of accumulation over elimination
disposition in environmental compartments, e. (10,11). Both processes are influenced by
water, air, sediments and biota, based on related physiological functions controlling contact with the
thermodynamic concepts of equilibrium partitioning environment, e.g. flow of water over respiratory
or fugacity. It is not clear, however, that surfaces, transfer of chemicals from the site of
prediction of the behavior of chemicals not near entry via circulating body fluids, enzymatic
equilibrium can adequately be made, at least for modification and excretory processes.
management purposes. These new concepts form the Because exposure to toxic chemicals, the subjects of
basis of a need for better understanding of the monitoring exercises, nay cause mortality, the
physiological and biochemical attributes of potential application of biomonitors is limited.
biomonitor species and the significance of physico- Their most successful use has been for conditions of
chemical behavior so that both the quality and chronic, sublethal exposure. This is perhaps the
limitations of entries in data bases created during most significant difference between organisms and
monitoring programs is clearly understood. chemical methods. If the species chosen as a

I biomonitor is a surrogate for another, perhaps less
INTRODUCTION experimentally tractable one, it must not be

significantly more sensitive to toxic effects of the
The foundation of institutional concern for the chemical(s) of interest. A potentially narrower
environment is composed of examples of acutely range of concentrations over which biomonitors
deleterious effects of environmental contamination provide acceptable performance is perhaps the most
on animal (1-5) and human (6) populations. The significant difference between them and moro
affected groups inadvertently served as sentinels traditional sampling protocols.
which initiated subsequent chemical investigations
to determine the identity and mode(s) of action of A major function of biomonitors is to show that

* the causative agent. In the last 30 years during xenobiotics can be transferred from onc
which these examples occurred, chemical analysis environmental compartment, usually but not always
has been refined to allow determinations of nonliving, into the living organisms. Species which
elements and molecular structures with increasing specifically and preferentially concentrate

,_4 accuracy, sensitivity and efficiency, making materials of interest are the ones of choice. One
7outine environmental surveillance by chemical species of sabellid polychaetes has been documented
means possible. Concomitantly, schemes using to accumulate vanadium and titanium (12). Many
biomonitors have also been implemented, the best ascidian species notably concentrate vanadium from
example of which is the "Musselwatch" (7-9). seawater by specific metabolic pathways (13). In
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cannot be increased in response to increased The duration of exposure, actual or potential

concentrations in food unless specific inducible appears to be very important in bioaccuulation.
enzymatic mechanism, the mixed function oxidase Burdens of mercury in marlin and sailfish increase
system (MFO) (29,30), are operative. In aquatic as a function of size of the animal (31).
food chains, the best example of food chain Presumably, larger fish are older so that thefoodchans, he estexamle f fod Cainincreased tissue mercury concentrations reflect
accumulation is that of mercury. Highest mercury

burdens are found in marlin and sailfish (31), top continuing accrual throughout life. Organic 5
predators in the food web, and maintained in these compounds with low water solubility (K 1 10 ) may

fish by binding to metallothioneins. also display this behavior. Tributylt'w did not
appear to reach a steady state in marine mussels,

FATE WITHIN THE ORGANISM Mytilus edulis during 45 days exposure (18) or fish
during a similar exposure period (40). There is a% subset of xenobiotics, whose size is presently

After chemicals have been taken up, mechanisms ubkown, wh ic s, wo ths reserhap
controlling their distribution in tissues and unknown, which take days, months or years, perhaps
elimination become important in bioaccuulation longer than the usual life span of many organisms,

to reach steady state. In these cases, knowledge ofprocesses. Partitioning of hydrophobic chemicals the duration of potential exposure is essential for
is dominated by their physico-chemical properties data interpretation.
(32-34). Thus, highest potential burdens will vary
with the chemical under consideration and depend
upon the ratio of chemical potentials in the
aqueous and hydrophobic corpartment. Mass Biomonitors have an obvious and necessary place in
accumulation within a given tissue is also a environmental studies. Their use nw rests upon a
function of the proportion of lipid or other solid foundation of empiricism and increasingly,
biochemicals serving as a hydrophobic refuge (35). solid Thereais sl hmpri rs nd fr
Nevertheless, enzymatic and physiological processes cr y evis lo eerient o bmay laya sinifcantrol eiter y chmiclly critically devised laboratory experiments to better
may play a significant role either by chemically understand inducible biochemical and physiological Imodifying the compounds to enhance water solubility mechanisms of xenobiotic modification and release(36) or by modifying processes which favor the which are impcrtant at envirormental concentrationsconoounds release (37). For oronic c, of compounds of interest. Such studies arethe external concentration may markedly influence-/.- the ability of endogenous factors to effectively particularly important for, but not limited to,

the bilty o enogenus actos t effctiely novel compounds such as those containing tin,
mediate release of xenobiotics (38). The case of
metals and their binding to metallothioneins, arsenic, selenium and organometallic derivatives of

mentioned above, is an example where retention by these elements.
inducible, but metabolically inactive biochemical It is no longer adequate for chemical analysis of
moieties markedly influences accumulation. tissues or cells of bioaonitors to shw that a
Accumulation and retention of metals continues as parent compound is not present. Conjugates and some
losr t metalt ceae eliminatio oes e metabolites may pose identical or greater risks.
exposure to metals ceases, elimination of escess Continued development of and reliance upon state of
burdens of many, but not all, occurs. The the art analytical chemical techniques will remain
mechanisms governing the elimination process are essential as a concomitant to the use of
not well understood in all cases (26). The message
here is that elimination of substances whose uptake biomonitors.
and retention is not mediated by specific processes Numerous suitable biomonitor species exist. ManyNueru sutal usuallyo specie exist. Manyr reital
is usually more rapid and more predictable are underutilized and most remain to be described
regardless of the original entry route. Where and used. Conformity in the adoption of biomonitor
specific mechanisms for modifying or sequestering species is no virtue, but the goal should always be
xenobiotics occur, elimination may be slower and apeie noloi r oach athe r handtwad te-. lss pedictblea phenomnological approach rather than toward the :lspritbespecific example. Microorganisms, in particular,

have been overlooked as potential biomonitors, an
. Time is perhaps the most underappreciated element odd omission given their numerical and function 4

of biomonitoring strategies. Organisms may grow, dominance in nearly all ecological systems.
* proceed through daily, seasonal or annual cycles

aeffects otheir efficacy as biomonitors. The The use of biomonitors in the marine environment is
cas',tes cycles mabvyute. Be no longer limited simply to xenobiotic surveillance.
cr. the va es, ancte sis, a ate kep in Recent studies have reported attempts to correlate
the ova-ries and then lost it to the eggs (and epatclsosifshwhteprenef
resultant larvae) when they were deposited on the neoplastic lesions in fish with the presence of
pleopodc (39). Gravid mussels, Mytilus edulis chemicals in their environment and tissue (41,42).- tiyltin n The relationship between the concentration of a* dramatically accumulated tribut tin n her substance in the environment a chemist measures# the* gonads (18,38). When organisms are simple selected sesan i accumulaes, and the
from various sites for analysis of tissue burdens dose an organism accumulates, and the response it
of chemicals of interest, biological indies such produces measurable by a biologist is perhaps one of% ofcheicas ofintres, bilogcalindies uch the most challenging subjects of interdisciplinaryS.. as sex, reproductive condition or season are highly inestgtonleni ts oubtesscexten
recommended as correlation covariables in bndes in.neit pol d ers te:, tatstial aalyesbeyond the immeiate problems engendering the
statistical analyses.
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other organism, metals such as copper (14) and bioturbation make sediment bound xenobiotics
hmercury (15) my be sequestered into specific bioavailable longer than would otherwise be the

protein classes which can be specifically isolated case. Equilibrium models do not consider the case
and their metal content quantified. Use of mussels where the movement of xenobiotics cycle or appear to

in surveillance of the marine environment for cycle between compartment. This aspect is

hydrocarbons illustrates a completely different particularly inportant for very persistent chemicals
strategy. There are no specific metabolic pathways or elements. A biomonitor's role in such a cycle
foruptrae tw retemust be clearly understood for adequate dataW" ~~for uptake or retention, betinep ta o,

* degradation/elimination processes are also limited interpretation.

so that accumulated materials remain in tissues for Complexity in the compartmental structure of the
much longer than would otherwise occur (16,17). environment is the basis for functional and temporal
Observation of accumulation of an element orcompound preceeded an understanding of mechanisms atterns of bioaccumulation. For instance, DiSalvo

n r ces of oranism et. al (21) found in mussel tissues that hydrocarbonin nearly all cases of organisms subsequently prfe olwn nolsilmr lsl
%adopted as biomonitors. However, as novel profles following an oil spill more closely% doped s bomoitor. Hwevr, s nvelresewbled those in sediments than those in the

anthropogenic compounds become of interest, one can wese er exnaions for thse i le
apl"eerlzton nteseeto o pce water. Several explanations for this are possible,
apply generalizations in the selection of species but it seems most likely that mussels obtained
as biomonitors (18). hydrocarbons from the sediment, even though these

filter feeders were not in direct contact with it.
K,' EVIRO)NMENT AND NIQ4E There has been some attention lately to separating

Biomonitors sample their niche. In some cases, the the roles of bound and dissolved metal ions in
niche nay be more extensive and complex than the bioaccumulation processes (22,23). Accumulation of

nich ma be oreextesiv andcoolex hanthemetal ions illustrates temporal dependence.
physical environment. For instance, an infaunal Te ty of metas dependene.
organism such as the tube worm ChaetoEteru8 which Toxicity of metals is dependent upon the stability
filters water by drawing it through its buried tube of metal-ligand complexes (24,25). The solubility

would likely accumulate tissue burdens reflecting products between most metals an_ iologicay
those in the water rather than in the sediment produced ligands are between 10 and 10

around it. Ecological knowledge about the niche is (26,27), reflecting strong but not exceptional

essential to determine how well ii overlaps with binding. In sediments, reaction with S dominates

the environmental compartment of interest so that metal binding cheMstry because stability constants

species can be selcted to adequately portray the are less than 10 (28). Clearly, in a system at
environmental compartment ofmost significane. equilibrium, sediments ought to contain all metals

as sulfides. These metals, both trace nutrients and
Conversely, differences in xenobiotic toxics above threshold concentrations, occur
bioavailability to several ecologically distinct ubiquitously in living tissues because ecological
species may provide clues to its movement through compartmentalization is not near physico-chemical
the environment. equilibrium. These observations suggest that

In aquatic environments, the three primary species chosen as biomonitors must appropriately

compartments, in addition to organisms, are the sample the compartment of interest over an

atmosphere, water and sediments (19,20). The appropriate time scale. In practice, they will
atmosphere may be an important route of xenobiotics probably sample both water and sediment.

into aquatic environments bet unless chemicals are Temporally, they will also act as integrators. A
volatile or possess highly favorable Henry's law spike of heightened exposure, essentially even a
colati is possehly fa senryks Accu lan fro brief excursion from steady state, may be retained
constants, it is rarely a sink. Accumulation from in tissues well past the time the crisis has pastSwater is perhaps the best understood process, and anbient water levels have returned to

Since many toxics enter the water as effluents or
land runoff, concern over dissolved compounds is background. Coincident independent ampling is
appropriate. In addition, .physico-chemical essential to determine the return toward initial
properties of the dissolved materials, to be conditions if the input of xenobiotics has occurred

discussed below, dominate accumulation during a spill or other crisis situation.

mechanistically. Sediments are the primary sink in Accumulation of xenobiotics via the food chain is
the environment for most highly hydrophobic another route which influences the appropriateness
materials and reactive chemical species such as
metal ions. Depending upon the substance, both of an organism as a biomonitor and weighs heavily in

organic or inorganic sediment components may be the interpretation of data. When feeding is
: :-important in xenobiotic capture. selective e.g. deposit feeders, predators or highly

i t n o c usophisticated, e.g. filter feeding bivalves, the

Strict adherence to compartment concepts is importance of food chain accumulation should be

* necessary for mathematical modelling but should not scrutinized carefully. Accumulation from food is
be dogatically acepted. The models are based likely to markedly increase both rates and levels of

upon equilibrium concepts. Kinetic factors are accumulation since there is a direct mess transfer

more difficult to predict or measure bet play a of material in digested food into the organism (18).

-e very important role. At best, biomonitors ay only Consumption of contaminated food markedly displa.'s
represent one small segment in a largely the steady state between accumulation and release of

directional but nonlinear and unscheduled transfer. xenobiotica primarily because elimination mechanisms

Resuspension of sediment by water movement and
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effort. Developments in this field should continue 15. Roesijadi, G. Uptake and incorporation of
to be among the most valuable products of science mercury into mercury binding proteins of gilla
in the latter part of the twentieth century. of Mytilus edulis as a function of time. Marine

.io_8 - -a7, 151-157.
16. Lee, R.F., R. Sauerheber & A.A. Benson.
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